ABSTRACT. The problem of fully developed steady viscous incompressible flow in a helical pipe is studied. The predicted analytical expression in the literature for the flow rate is improved. The present result shows a reduction in the flow rate with increasing torsion, for a given curvature. Qualitatively this effect of torsion is seen to cause equivelocity contours in the normal section of the pipe, to undergo shear.
INTRODUCTION.
Fluid transportation in helical pipes and spiral coils occurs in many industrial operations involving heat exchangers, chemical reactors etc., and is particularly useful in viscometry or convective heat transfer. Both the earlier experimental investigations of Eustice [1] and the theoretical works of Dean ([2] , [3] ) have shown a remarkable feature that in a toroidal pipe flow, a fluid particle undergoes a skewed helical motion. Expression for the volumetric flow rate, showing the effect of curvature was later obtained by Topakoglu [4] .
Besides curvature (), torsion (r)is another significant parameter which can control the flow in a helical pipe. Assuming that xa e << 1, ra << 1, 0(1), where a is the radius of the circular cross-section of the pipe and using a non-orthogonal curvilinear coordinate system, Wang [5] studied the problem and observed that torsion did not affect the flow rate to the 0(e2) considered. His observation of secondary flows, showing asymmetrical recirculating cells which tend to coalesce, thereby reflecting the importance of torsion on the flow, was also not correct, as pointed out by Germano [6] .
In the present paper, an attempt is therefore made to bring out the said effect of torsion in a helical pipe flow, assuming the pipe to be nearly straight (the twist of the pipe dominating the bend). The analysis is pursued on similar lines to that of Wang, in (3.4) and QS is the corresponding flow rate in a straight tube. 4 Since the secondary flow cannot be described by a stream function in the present case, the deviation of stream lines compared to toroidal pipe flow cannot be studied, to interpret the effect of torsion on the flow. Instead, the displacement of equivelocity contours is studied. While the study of stream lines will help us in picturing the flow structure, the equivelocity contours will help us to fix the spatial positions of characteristic particles (particles having the same velocity) which are displaced from their original configurations. This displacement should be therefore due to the inherent property of the torsion causing a rigid body-like twist to the fluid particles. To illustrate this feature, equivelocity profiles in (r,c) plane of Wang (corrected to correlate with physical covariant description) and their respective deviations in the present case axe projected in Figure 2 , for selected values of 6 0.2, a 0.25, Re. 6 
